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COMPLETE SPECIFICATION 
Improvements in or relating to Metallic Analysis 



We, Hoesch Aktii-mgi-sellschapt, of 
Ebcrhardstrassc 12, Dortmund, Germany, a 
German Company, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: 

The invention relates to an apparatus for 
determining the activity, particularly of oxy- 
gen, in metal baths. 

In recent times, it has become necessary 
to break away from conventional methods for 
determining elements, particularly oxygen, in 
metal baths. In particular, the oxygen deter- 
minations previously used leave much to be 
desired, since these determinations (like the 
corresponding determinations of other ele- 
ments) require excessively long times in rela- 
tion to the progress of melting operations. 
Particularly in ascertaining oxygen content, 
the time required for the determination lessens 
the probability value of the determination, 
since the oxygen content of metallic baths 
changes rapidly. Moreover, the accuracy of 
known analytical methods is quite unsatisfac- 
tory with small amounts. 

Attempts to find a determination method 
which is independent of time, particularly for 
determining the instantaneous oxygen content 
of metal barhs, especially in the molten metal, 
has led to the introduction of electro-chemical 
activity determination, The determination of 
activities in aqueous solutions by means of an 
electrolytic circuit has been known for a Jong 
time. By a stratagem, it is possible to carry 
out corresponding determinations in metal 
baths, by making the molten metal the elec- 
trode, in which is immersed a high tempera- 
ture-resistant electrolyte in contact with a com- 
40 panson electrode which actuates a potential 
measuring instrument which is short-circuited 
with the metal bath. The determination par- 
[Price 4s. 6d.) 
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ticularly of oxygen content of the molten 
metal, for example steel, especially in tech- 
nical metal baths, principally fails in that 
sources of error arc provided bv the gas phase 
disposed above the moitcn metal and, possibly, 
also the slag covering the moitcn metal in- 
fluencing the measuring results. 
Attempts have therefore been made to meet 
- t.us requirement by embedding the electrolyte 
in a ceramic sleeve surrounding the covering 
surface of the electrolyte. The forms of elec- 
trolyte which have been used previously, 
especially for ordinary technical use, have not 
proved to be suitable. As a general rule, the 
electrolyte has the form of an immersible hol- 
low cylinder, i.e. closed at the immersible end, 
receiving the comparison electrode. Such hol- 
low cylinders do not withstand the sudden 
temperature/ 'change, especially if they con- 
sist of a housing of temperature-resistant zir- 
conium dioxide, which is inherent in immer- 
sion of the electrolyte into the melt with 
instantaneous measurements. It has therefore 
been attempted to. reduce the sensitivity to 
thermal shock of these hollow cylinders by 
covering the enclosed hollow cylinder of gas- 
impermeable zirconium dioxide constituting 
the electrolyte on both sides with a layer of 
gas-permeable zirconium dioxide. The manu- 
facture of such electrolytes is very compli- 
cated and correspondingly expensive, since 
the sensitivity required by the basic shape 
of the electrolyte remains and, if need be, is, 
reduced within certain limit. In particular, the 
use of such electrolytes in connection with 
hollow measuring heads, namely measuring 
heads for single determinations only, is econ- 
omically not acceptable. 

The invention is based upon the object of 
providing a measuring device which avoids 
the risk of erroneous measuring results and 
which is so cheap in construction on the one 
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hand and so robust on the other that its intro- 
duction into technology, particularly its use 
for the continuous supervision of the Frisch 
process in the production of steel, is possible 
5 and economically allowable, even when it is 
connected with a device for only one deter- 
mination. 

A device taking into account this require- 
ment must include an electrolyte, which can 

10 be readily manufactured and is, at the same 
time, resistant to mechanical and thermal 
stresses, as well as to undesired effects of other 
phases than the actual measuring phase and 
as a rule the molten metal, providing adequate 

15 screening of the electrolyte. 

The invention accordingly consists in a 
device for determining the activity particu- 
larly of oxygen in metal baths, in which the 
molten metal represents one electrode, in 

20 , which a high temperature-resistant electrolyte 
provided with a screen for eliminating outside 
effects is immersed in contact with a com- 
parison electrode, which actuates a voltage 
measuring device which is short-circuited with 

25 the molten metal, in which a plug-shaped 
electrolyte is located in a temperature-resistant 
non-conducting carrier tube so as to project 
from and outwardly seal the carrier tube, to 
which is connected to a contact wire which 

30 is inserted into the carrier tube from above 
and which, together with an oxygen-containing 
medium which is gaseous at the measuring 
temperature and is introduced into the carrier 
tube, serves as the comparison electrode. 

35 In contrast to the previously known devices, 
this device fulfils in a desired way the require- 
ments which such a device must have for 
. ordinary technical use. The compact electrolyte 
is sufficiently resistant to the mechanical 

40 stresses and, in particular, also to the thermal 
stresses necessarily connected with immersion 
in the metal bath. It is likewise manufactur- 
able comparatively readily and consequently 
economically. The carrier tube on which the 

45 electrolyte is mounted serves both for sup- 
porting the electrolyte and screening it. Separ- 
ate insulation is consequently no longer 
necessary. 

Various embodiments of electrolytes and 

50 the carrier tubes surrounding them arc pos- 
sible. In the selection of suitable materials 
and also of their form, account is to be taken 
of the stresses likely to occur, particularly 
through the sudden changes of temperature. A 

55 material which is particularly suitable for the 
carrier tube is quartz, which is insensitive to 
thermal shock. 

For commercial use, a device has proveef 
to be suitable which is provided with a conic- 

60 . ally-tapering carrier Tube, i.e. in the direction 
of immersion, in which the electrolyte is held 
in its end position in the form of a conical^ i 
plug under spring pressure. It is naturally 
also possible to cast the electrolyte into the 

65 carrier tube. For this, it is desirable to roughen 



or groove the internal walls of the carrier 
•tube. Particularly in the use of electrolyte 
materials with a high coefficient of expansion 
relative to the carrier tube, a construction has 
proved to be suitable in which a tapering 70 
carrier tube and a plug embedded in tem- 
perature-resistant material and carried on the 
inturncd edge of the tube, with sufficient 
clearance in the tube, is provided with a pro- 
jection projecting from the tube. Advantage- 75 
ously, the plug is made substantially spherical. 

The comparison electrode, which must be 
in direct contact with the electrolyte, is formed 
by a wire of conductive, high heat-resistant 
and chemically-resistant material providing the 80 
connection between the electrolyte and the 
potential measuring device, for example a 
platinum wire, in connection with an oxygen 
carrier of constant oxygen partial pressure 
which is fluid or gaseous at the measuring tern- 55 
perature. The gaseous oxygen carrier passes 
preferably through the carrier tube surround- 
ing and sealing the electrolyte as a scavenging 
medium. If the carrier tube is a cylindrical 
tube, from which the electrolyte projects at 90 
the immersion end, and the gaseous medium 
forming the comparison electrode together with 
the contact wire is passed through the opposite 
end, it is necessary for satisfactory measure- 
ment for the gaseous medium to be passed 95 
into the carrier tube through a supply duct 
extending to the base of the carrier tube, so 
that the gas supplied reaches the electrolyte 
arranged at the base of the carrier tube. Pre- 
ferably, the carrier tube concentrically sur- 10G 
rounds the supply duct and the contact wire 
is passed through the duct. 

A special construction of the device accord- . 
ing to the invention, dispensing with the 
supply duct, uses as the carrier tube a U- 105 . 
tube in which -a contact wire is inserted which 
forms the comparison electrolyte in conjunc- 
tion with a gaseous medium supplied to the 
U-tubc, which wire is connected with a plug- 
like electrolyte projecting a limited amount 110 
from the U-tubc, through an aperture in the 
base of the U-tube. Introduction of the gaseous 
medium forming the comparison electrode to- 
gether with the contact wire proceeds more 
simply than "in the substantially cylindrical 115 
tube proposed initially, which has to have a 
duct for the gas supply also provided. The 
wall of the U-tubc opposite the aperture in 
the U-tubc receiving the plug consisting of 
the electrolyte material satisfactorily forms a 120 
support for the plug inserted into the aperture, 
sccurcmcnt of the plug by speciaj means there- 
fore being no longer necessary. 

The plug can be made conical so as to be 
located firmly in the aperture or it can also 125 
be supported against the internal v/a!) of the 
U-tube with a member projecting from the 
aperture. Firm seating of the plug in the U- 
tube can otherwise be provided by reshaping 
tw: U-tubc or by locking the plug \\\ the U- 130 
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tube. It ,s also possible to insert into an initi- 
ally cylindrical tube a plug adapted to the 
internal diameter of the tube and then to bend 
t.-.e rube into the desired U-shapc. The tube 
ran be made up with two portions receiving 
the plug between them, which are then fused 
to one another and to the plug to form a sinHe 
unit. ., ° 

For commercial use, it is necessary for the 
parts of the device which, as a general rule, 
must be c.ianged after each measurement, that 
is to say, the electrolyte and the protective 
tubL to be readily- and simply installable and 
also demountable. This aim is provided for 
m the further development of the invention in 
such a way that the carrier tube with the elec- 
trolyte located therein is embedded in known 
rTn T f "Vl" intcrchan ScabIe connecting por- 
r. l " at S' C 0n 3 mc ™' r '-ng probe, lance or 
I , j - 1,C conncctl °n between the electro- 
lyte and tne constituents of the contact wire 
.orm.ng the comparison electrode can be pro- 
dded by means of a clamp or plug-and- 
tho k " Connccto . r - In a Preferred construction, 
the connection is provided by the twisted ends 
of the contact wire being inserted in a central 
aperture provided in the electrolyte For 
twisting together the ends of the lead a 
ccram.c two-hole insulator block is preferably 
used. This kind of connection prevents any 

cStiSSe C ° mparison clcctrodc with 

In the use of a U-tubc as the carrier tube, 
be ween the electrolyte and the contact wire, a 
p ug-and-sockct or like connection can be pro- 
ved b>, securing the contact wire to the 
P ug before snaping the carrier tube or before 
fixing the electrolyte plug into the carri r 

with a r^''' thC / lug Can a,so bc Prided 
ba e a of b ^ in S'P refe . rab 'y extending into the 

twLrf ^t' m Which the P^ferably 

twisted ends of the contact wire are inserted 
An aperture in the plug can be provS at 

the cZ t,n *' e in % P ! Ufi "henviseclosing off 
the coss-scction of the tube, for the passage 
of the gaseous medium. passage 

carrU S n,br ai , ,y alS ,° P ° SSI ' bIe t0 combin = the 
earner tube electrolyte and comparison elec- 
trode in a hollow head member extendi 
from the measuring probe. The oxygen carrier 
forming one component of the comparison 
electrode can thus be cast in the hollow head 
1. he short-circuit contact to the bath for the 
potent.a measuring device can also be con- 
nected ,n the hollow head. In this case a 
clamp connection for the junction of the 
canpanson electrode and that of the shor - 
circuit contact ,s provided. Naturally, this 

oxygen earner through the measuring probe 
om the outside. In this case, the necessary 
leacs arc provided in the dip head and col 

oTKe H ^ SUPP J y ° f lhG ^ 3rc P ro ^d 
on t.ie head and on the probe. 

The short-circuit contact can naturally also 



ovc TTt S T nra!dy - in l,ic mc,aI balh - More- 
Poiuuial measuring device wi-h nc .l { 



bail, by providing an auxiliary ma« :!C t on the 

example a casting mould, which manner is 
cor.duct.vcly connected with ,h c po cntial 
measuring device. potential 

. For the case where the electrolyte mrst b» 

maT * h 3 ft C ° VCr ° r *y ^ 
frS Lh r - mC . tah c sIccvc greening the 
lrec end of the electrolyte or th- whnh h£ 
apparatus can be provided '^ich ra ^ t £? 
the contacts, especially of the clectrolyt^co™ 
against the molten metal exclusively 

In order that the invention may be readilv 
understood, embodiments of it are described 
below, by way of illustration only, in Con- 
junction with the accompanying di> ramm °tk 
drawings, in which: i 'vammatic 

. Fig- 1 shows one form of the device accord- 
m? : to the invention in vertical section 

M^cS^tssr of tkc clcc ' tro - 

Figs. 4a, 4b and 5 show further embodi- 
ments of the electrolyte with the carrie^ube 
iig. 6 shows an embodiment usln* a U- 
tube as the carrier tube, in which is Wed 

%£SS of thc dip hcad indudi * thc 

accSin^olhTLUo?" ^ * 
Referring to Fig. 1, a metallurgical vessel 

21 f iSJ l9 A * which a mo,tcn 
of slag 22 Snd 15 covcred w »h a layer 

Into the molten metal 21, there is inserted 

ZrO !*S ! FV 3 '- J^^Pfc consisting of 
Z O stabilised with CaO, which is held and 
guided in a protective tube 12 project^ it 
toFJi 2 nd thc a ^phere above 

ntoTmi ' 22 ' I hc tUbc 12 bc '"S s ^wed 
into a measuring lance or probe 11 A con- 
necting lead 14 of platinum for the electrode 
with , t mcasunn S lead" 15 forms, together 

rnm rh £ * 0Xygen Carricr 16 introduced 
trom the rop into thc protective tube P a 
comparison electrode 14, 16 located in direct 
coma .with the electrolyte 13. The measuSg 
Jead 15 actuates a potential measuring instru^ 
ment 17 which in- the present case is directly 
short-circuited with the molten metal 21 
namely by way of support magnets IS applfcd 
to the mould 19 forming the afore-mcS d 
metallurgical vessel -'"-inionca 
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Further details of 



the dip head screwed 



into the measuring lance 11 of Fi» 1 can be 
seen from I-,g. 2 . The protective tub P 
which consists usually of quartz, tap rs o~- 

SJ c d,p cnd> 80 t,int thc 13, 

which is constructed as a conical plG* Je- 

fTo a m S rh pr0;CCtin ? 3 P rcd ^ermined distance 
from the protective tube 12. As its inside, the 
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